SUMMARY The age at which retinopathy of prematurity was first seen was determined in 143 infants. In all, the initial ophthalmological examination was normal. Birth weights varied from 630 to 2700 g and gestational ages from 24-5 to 40-0 weeks. The median postnatal age at which acute retinopathy of prematurity was first seen was 51 and 40 days for those <28 and B28 weeks' gestational age, respectively, and this difference is highly significant. Similar results were obtained when infants were grouped according to birth weight <1000 or B1000 g. Using postmenstrual age as the variable, the first signs of retinopathy of prematurity were seen over a fairly narrow age range and 86% of infants developed retinopathy between 32 5 and 38 5 weeks of age. These findings suggest that the age (but not the occurrence or severity) at which retinopathy of prematurity is first seen is controlled predominantly by stage of development rather than neonatal events.
Despite advances in neonatal care retinopathy of prematurity remains a problem in infants born prematurely. In the United States its incidence seems to be rising,l while in Britian there has been no relevant information since the 1950s. Surprisingly little attention has been paid to certain aspects of the natural history of this condition and in particular to its time of onset. Silverman and coworkers in 1952 and a report to the Medical Research Council in 1955 both noted that retinopathy of prematurity developed later in babies of lower birth weight.2 3 Since that time there have been many changes, not only in the nature of the premature population consequent on improvements in neonatal care but also in methods of ophthalmic examination.
The purpose of this study was to explore the possible relation between the time at which acute retinopathy of prematurity first became visible ophthalmoscopically and postnatal and postmenstrual age. We have analysed retrospectively the records of infants who developed retinopathy of prematurity after an initial normal ophthalmic examination, in whom it was possible therefore to determine with reasonable accuracy the time of onset of the retinopathy. Patients The postnatal age at which retinopathy of prematurity was first noted is represented in the form of a frequency histogram (Fig. 1) We have confirmed our impression that the clinical onset of retinopathy of prematurity is later in the highly premature baby compared with his larger counterpart as infants <28 weeks' gestation develop retinal changes at a median age of 51 days from birth and those B28 weeks' gestation at a median age of 40 days, this difference being highly significant (p<0-0001). The results are similar when infants with birth weights <1000 g and ,1000 g are compared, their median ages of onset being 48 and 40 days, respectively. Thus grouping infants according to either their gestational age or birth weight, retinopathy of prematurity develops later postnatally in the more premature infant and in general its onset is inversely related to both of these variables.
By correcting for the degree of prematurity, however, we found that retinal changes develop over a fairly narrow age range, and 86% developed retinopathy of prematurity in a six week period between 32*5 and 38.5 weeks' postmenstrual age and only 7% after this time. This may explain the occasional finding of retinopathy of prematurity in the anencephalic5 and full term infant.6 7 Furthermore, although retinopathy of prematurity develops later postnatally in small infants, using postmenstrual age as the variable, the position seems to be reversed, those with a gestational age <28 weeks developing retinopathy of prematurity at a slightly earlier postmenstrual age than those 328 weeks. This suggests that the onset of retinopathy of prematurity is hastened in the very small infant, but the two infant groups with gestational ages <28 weeks and ¢28 weeks are not strictly analogous.
The age span is 3-5 weeks in the former and 12-0 in the latter, and both morbidity and mortality are greater in the more premature group. Analysis of the infants taken as a single group showed a significant negative correlation between gestational age, birth weight and age at onset.
Inevitably, the assessment of gestational age is approximate, and birth weight exhibiting a scatter for a given gestational age is an even less precise guide to the gestational age of a baby at birth. Ophthalmic examination is difficult, at times potentially hazardous, and for this latter reason performed only once a week. Another important consideration is haziness of the ocular media, preventing visualisation of peripheral retinal details in extremely premature babies, but as relative clarity was achieved before development of retinopathy of prematurity (the criterion for inclusion in this study was an initial normal examination) this aspect could not be responsible for the later postnatal age at diagnosis in the smallest babies. The results we have presented, therefore, should not be interpreted too literally, but we do believe they indicate the time of onset of retinopathy of prematurity as closely as is possible under the circumstances. Furthermore, within the context of this subject, the number of infants in this study is large and sufficient for statistical analysis.
Relatively little attention has been paid to the time of onset of ophthalmoscopically visible retinopathy of prematurity. Silverman and coworkers, studying 76 infants, noted an inverse correlation between the onset of retrolental fibroplasia and birth weight but no significant relation between gestational age at birth and the time of clinical onset of the disease.2 In the report to the Medical Research Council by their conference on retrolental fibroplasia it was suggested that 'the more premature the baby at birth the longer delayed, on the average, will be the onset of the retinopathy.'3 The first Cooperative Study of retrolental fibroplasia reported that 'the age of the infant at onset of retrolental fibroplasia was not dependent on the gestational age or birth weight, but it increased with the length of stay in oxygen.'8 Commenting on a paper by Palmer, Flynn, using his own data, noted decreasing postnatal age at diagnosis with increasing birth weight.9 Recently, Flynn reported that 62 of 74 infants with retinopathy of prematurity were diagnosed between 32 and 40 weeks' postconceptual age.10 In his study examinations were performed only fortnightly. Occasionally, retinopathy does not become visible until after 40 weeks' postmenstrual age-as was the case in one infant in the study by Silverman et al,2 'approximately one-fifth' in the first Cooperative Study,8 10 of 74 infants reported by Flynn,'0 and four of the infants in the present study. Unfortunately, as these articles do not state Retinopathy of prematurity: age at onset 777 categorically that all infants were ophthalmoscopically normal before onset of retinopathy of prematurity these data are not ideal to study the age at which retinopathy is first seen. This comment may be over critical, particularly with respect to the study by Silverman in which examinations were performed weekly,2 presumably from the first week of life. Studies undertaken before about the mid-1960s cannot be directly compared with more recent reports; the premature population and neonatal management have changed, as have diagnostic criteria and methods of examination, particularly with the introduction of the indirect ophthalmoscope, which permits accurate observation of the peripheral retina.
Vitamin E was given to 53 of the 143 infants in this study and administered orally in all instances. Advocates of this mode of treatment recommend that it begins intramuscularly within the first two days of life. Vitamin E was started within this period and administered orally in only nine of our infants. Six received 10 mg/kg/day, a dose not considered to be effective in this context. Quoting two controls and three infants treated with vitamin E, Hittner and coworkers suggested that this substance delayed the development of severe retinopathy of prematurity.'1 The protective role of vitamin E in retinopathy of prematurity is still controversial,12
and knowing so little about the onset of retinopathy it is clearly inappropiate to speculate as to the possible effect this substance may have.
The pathogenisis of retinopathy of prematurity is poorly understood, but it is generally accepted to be a condition affecting developing retinal vessels. Mesenchymal precursors of the retinal vessels advance centrifugally from the optic disc, reaching the temporal peripheral retina last, just after term.13
The degree of prematurity at birth determines how far this process has progressed and consequently the amount of retina vascularised. It is this junction, between the vascularised and non-vascularised retina (the region containing the most recently formed blood vessels), that becomes the site for the development of acute retinopathy. The more premature the infant the more posterior this junction will be and the more posterior the signs of acute retinopathy of prematurity.10 As the incidence of retinopathy of prematurity rises with decreasing birth weight14 this is the baby particularly prone to develop this condition. Yet this extremely premature infant, often very ill, does not develop retinopathy of prematurity immediately, there being a period of several weeks before the first ophthalmoscopic signs are seen.
We have already alluded to inaccuracies that inevitably exist in these data, but the results nevertheless are of interest and raise intriguing questions. Why is there a delay before acute retinopathy of prematurity is first seen? Even more puzzling, why does this response develop later postnatally in the very small, often ill premature infant than in his larger, relatively well counterpart? Our results indicate that the onset of acute retinopathy of prematurity occurs over a fairly short postmenstrual age range, suggesting that a certain developmental stage, probably at a retinal level, has to be reached for the response to evolve. This was suggested by Kinsey.8 As already mentioned the retinal vasculature is not fully developed until after term, but it is difficult to postulate that 'immaturity' of these vessels per se can be responsible for the timing of retinopathy of prematurity. If this were so the more immature vessels would be expected to respond early on rather than six to eight weeks postnatally, which is the case. Perhaps it is only after about 32.0 weeks' postmenstrual age that certain enzyme systems or chemical mediators, within the retinal vessel wall or retinal tissues, become active. Further speculation is beyond the scope of this article.
Three aspects in the production of retinopathy of prematurity need to be considered. Firstly, its occurrence, secondly, its severity, both of which are largely determined by gestational age and neonatal events, and thirdly, the age at which retinopathy of prematurity is first seen, which, occurring over a fairly narrow postmenstrual age range, seems to be controlled predominantly by the infant's stage of development and is relatively uninfluenced by neonatal events. Perhaps, therefore, the many factors implicated in the production of this condition act on a system that can only respond when a certain stage of development has been reached and are responsible for the incidence and severity rather than the timing of retinopathy of prematurity. To investigate these factors further a prospective study is under way.
